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FUL BAANA p53 HAR EAM] 9
A4 R WA SAR ABA L AF A42A 9 A

I.A 8

FUGe @A Fevte M b e WE 2
FPFoEA 20049 T A F AT FULHAE 966880
2003 ol ®laf 12.3%4 F7Fstlar 19961 Hlsf 2.5
At olAY WAAQ F7h FAS ek AmA Y

o
AdsEd QoA AFY Fe Wy Fasch Fude oFE
=1

& AA FAApel el o F AR FEAN HTF EA A=
A A7t &s] koA gl

po3 At AAA 170 @A @9 131(17pl13.1)el $ Al sk
°F 20kb9] 11709 exono @ FAHol Qo™ simian Hlol# 2 409
o WPH AAFEL ATAAN Hx HAHAD. FFdAE

p21, cdc 529 T8 A

H

F7 2EAAER Agatel MAY A=
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9] G1/S F7]ellA Mx AAS JAAA 48 DNAE I EA]7]A
U Al A (apoptosis) S SHA 7] =Y o] fARlo) A wol s} wA
st A4 pb3 RS 75 o] nHEAdst Ho=mx FoF Ao 7)o

»

ol fet 2 WS, <F, WA, W, 74924 (mesenchyme),
FEAAA, A agn 28 B AAsE 4 FEAAE o
P53 F AR Melut Age]l FAHOE TFWHIL, p53 fFAA Wel
W Aol o= B4 el Au dejup: Aol bt Ao Ao m
£ gFelA veuts 4 £ f44 Wold @ FHz A4gHw

p53e] Wol= 11709 exons 118 codon¥} 309 codonAle], & exon
5014 8atolol A F& dojupn]® Fr el HE o] 2 ps3 F A W
ol AMAEY JAWMIE doyu FA oFox UHI FA
b dem g gom’l ps3 fA vl W ow md o

gol kel we AT olwelAm glont 7 Aae dfvin 4

po3 A WeolE Q|9 dRtAHom WA XA oA
(Immunohistochemical Stain)® ¥ Single Strand Conformation
Polymorphism(SSCP) ¥ o] Abg=o] ghth, WA 3se dAHe
AALZE w2 Aol S E L 7hAe] mMAAl 2 FRlo] e whd
A7t "ol X1l 9S4 (false negative)& o] o ot whulg A
ababz] ke wWol w4 glt. SSCP WY

(sensitivity) 7} A 7-2ke] Bl wel 60%A 90% A== =@l A
Hauwa glom Hlgo] vl Aol o9 HAF AZFo] 2
ZdEe Akl At HZor wWolz Falsr] 3 ok
(wild-type)® o] DNA Zte(strand) Abelel A7]= ol & TA
(heteroduplex) A4S o]l&st= AMEZE W< Denaturing High

Performance Liquid Chromatography(DHPLC) ZAAFH o] FEWw 9]



t}. DHPLC AW S Polymerase chain reaction (PCR) ol 2]3
TZE olF7tH e DNAS ¢ds] MAAZG7 vA s A3s
FAE = FHFAN TFHFAEYT columnol A HFE= A
ol o #olAl= S ol&stol & st driMde
aa A FEH e EdWolZtA HAEE ¢ Ue WL
£ o] T (specificity) 7} 96%°l A 100%7FA] H i %
AAF W o2 gGasel Alzke] 5-10% 02 w=Z 3 15 kbpZhA e A
7178 2 7hee] EAo] Jhest SSCP W Hlaldlo] A A A o R

Aops = gAol gl

)

: K
X9,
o
E
_‘>~_l,

wel A # 17 o] A PCR-DHPLC- €714 % 24 ye o] 4ol
exon 5914 9744 ] p53f A Eewo] A4S Helsy wolo]
2 re B9 9% D WISE 545 duyol Qe 79
uokon] ZATA AF QAske] FEpA % Wol T thET e
T Az a 2L Bae oF A4zAY FAE TolnnA
shel ot



Bl A& o m Add 188 o A, 1925 o=

NAzA wE Y EEge Aol B4 dgos e

ANz we ggtd TojzAo A oF Imge AEE uold I
ZA Zro} Easy-DNA™Mkit(Invitrogen)S A} 43} DNAE %31,
DNA®] w1k 25 ng/ulz Bt50o] PCROl AR-&3t3itt.

. PCR amplification

Z 2o A FZ&3 genomic DNAAIA tL3 e U O Z exon
5014 exon 9 7}A 2] PCR 2H&ES okA & (wild type)= Zo] =X o
A th.(Table 1.) 10x Taq buffer 2 ulL, 100 mM dNTPs(each 25
mM) 0.2 ul, Tag. DNA polymerase 0.2 ulL, D/W 13.6 ul, Primers
(10 pmole, each 1 ul) 2 ul, Genomic (template) DNA 2 uLE 20
uLe] PCR WFg&do=g ALE3st9 . DNA  thermal cycler
(Perkin—Elmer, GeneAmp PCR System 2400, USA)olA 53 DNA
5 95°CellA 5t &k WAAA $4xs Gd7le DNAE e F
94°Coll A 10% &<t WA (denaturation)A 7] 3L 62°Coll Al 10x &
primerZ 2 3%} (annealing) A 7] i 72°Coll A 15% %9 ST aAE o] &

3t A2 DNAZS A4 (extension)A] 7] = 3@AE 403 HEE3 =

-6 -



of, afxo® 72°Col A 587 €52 HA8 AUt 72 exon PCR 4t
E 20 uLe} Fd3e oFAl 3 (wild type) PC < & 4o 95°Coll A

R At=
ok T qAE ALow LEE W

a1
At
)

Table 1. Primer sequence used to amplify p53 gene

Sequence of primer Length(bp)

exon 5 forward 5'-ATCTgTTCACTTgTgCCCTg 274
reverse 5'-AACCAgCCCTgTCgTCTCTC

exon 6 forward 5 -AgggTCCCCAggCCTCTgAT 197
reverse 5'-CACCCTTAACCCCTCCTCCC

exon 7 forward 5 -CCAAggCgCACTggCCTCATC 205
reverse 5'-CAgAggCTggggCACAgCAgg

exon 8 forward 5 -TTCCTTACTgCCTCTTgCTT 194
reverse 5'-TgTCCTgCTTgCTTACCTCg

exon 9 forward 5'-CgCCgTgCAgTTATgCCTCAgATTC 279

reverse 5'-CCCCCgCCCggCCCCAATTgCAggTAAAAC

t}. Denaturing High Performance Liquid Chromatography
(DHPLC)

(1) 49

(7}) o] & 4 g A (Heteroduplex)

PCR productE 95°Coll Al 10% Tk WMAA 7 Fo] A2 458

o A8 A olFgHTAE G

(b)) olFHdAL sFHTA e 2
(Separation of heteroduplex and homoduplex strands)

Amphilic ion& 7}% triethylammonium acetate (TEAA)7} H A

hydrophobicgt A gel S5 A FTHol (1)7} Ho] o]

B HEdow wAE olgARA} FIAFARG e 2oy

2 Aol 1 ARG e Fed



DHPLC®] Gradient solution® & A &= 9[0.1M TEAA solution,
pH 7.0]13 B &3 94[0.1M TEAA®} 25% acetonitrile, pH 7.00]% A}
S35ta, MARERoTE C &5 A [R8% acetonirile (syringe washing
solution)], D €= M [75% acetonitrile (DNASep Cartridge UltraClean
and Storage Solution)]& A}-83}9]

(2}) 1A A (Stationary phase)

Column< alkylated nonporous poly(styren—-divinylbenzene) ¥ Ej
9] DNASep Cartridge (Transgenomic, USA)S A}-&3+t}h. Column
oven =55 60°CZ %53 D &5 95 09 m/mine = 30% &<t
ZHF oA Columns Al Fo] A k43 B k5 HS 1112 st
] 0.9 ml/min® 2 60% &9

(v}) #21¥ DNA9 #HZE

WA 7IA &2 ARE 50°CellA 0.9 ml/mine® 05 ul 593t
o] PCR 4t&E29 AHHE A3 Fo Column oven? 2%%5 63°CZ
3309 ml/min® 2 05 ul FYste] Columne WA v DNA=
ultra-violet detectorg ©]&3ato] 260 nmolA =3t}

(2) Chromatogram®] 4

olFHAA7 Columnate] ZAgHo]l o =AY Wl T3
st R we By, 234 02 chromatogram< 2, 3, 4712 #
gdEE JHE vy Ag "o &% 1°C #Zold % chromatogram )
LoFol &ds debA ] wwed b A9 225 AA Ak st
1, =dAWol 7l A3 E 2= helical fraction®] A = uwlgl =W ol
o] AZE {7t ZAEEZ helical fraction®] 70-80% Alo]7} H E=
gradientE& #rol3of sk},

(3) DHPLC #*+= TransgenomicAl protocololl uhg} Z5 A 71t}
PCR AFES 95°C oAl 5 &<t WAAIZ %, oF 40+ F<oF 55°C7}
| 225 vFo] AAFAG. o A= &y AHH=

chromatogram .2 35 ¥ st Yely Uwb2A 02 heterogenous

r
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A
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molecules™= homozygous molecules peak <ol stue] peak”’} ©f 4

E} Y™ homozygous molecules= 3F49] peak®t U ERWT}

2t 9714 4 (Sequence analysis)
:’

atterne Ho]E= PCR AFE-& Kit protocoldl]

=
o
o
2
r o
ko]
@]
o¥)
ko]

g BEstg o gwrd dAVIAMdREA S $18] BigDye Terminator

Cycle Sequencing Kit?} ABI 310 Genetic AnalyzerZ o] &3t}

3. A 4
PCR-DHPLC-9G 7] 4 #4
tﬂ—ouq o] A} 1;; Bga]fﬂ-x%o .E_/HJ—L}Q/] fe;



o} C Foll wel 171 494, 27] 1059, 37] 37

o, 47] 12 yH oA} &2 1459(75.9%) 1A F3d A A & o]
ZATA TRHEE ASA FHgol 1864(96.9%)= ol -

Ts AAsAT. 9 T A7IE 2em o]sk7F 73¢(38.0%) % L
9 94l (51.6%) AT, WA =2 88k 7] Aol A

qEw F&A(ER) ¥4 ¢ 1149(59.4%) % 1 Z = Al 2 H
2 FE4A(PR) Y4 A% 1049 (54.2%) At c-erbB-2 #d
A xAstst A A (v+0)E Ao sto] 5891(30.2%)7F 3l B & A Th.

)

o
[
i)
=
)
N
N
g
rlr
on M
o
rlr
©
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Table 2. Demographic data of patients

No. of patients (%)

Age 20- 4 (2.1)
30- 31 (16.1)
40- 69 (35.9)
50- 49 (25.5)
60- 26 (13.5)

70- 11 (5.7)

>80 2 (1.0)
Op. modality* T™ 145 (75.9)
PM 46 (24.1)
Histologic type IDC 186 (96.9)
ILC 6 (3.1)
Tumor size <2cm 73 (38.0)
>2cm, <b5cm 108 (56.3)

>5cm 11 (5.7)
Lymph node (LN) NO 99 (52.1)
N1 58 (30.5)
N2 24 (12.6)

N3 9 4.7)
Stage (AJCC 6th ed.) 1 49 (25.5)
oA 69 (35.9)
IB 36 (18.8)
MmA 28 (14.6)

mB 0 (0)

mc 9 4.7)

v 1 (0.5)
Histologic grade I 55 (32.4)
il 86 (50.6)
m 29 (17.0)
Nuclear grade I 35 (20.6)
I 90 (52.9)
m 45 (26.5)
ER Negative 78 (40.6)
Positive 114 (59.4)
PR Negative 38 (45.8)
Positive 104 (54.2)
C-erb B2 Negative 134 (69.8)
Positive 58 (30.2)
Ki67 <10% 149 (77.6)
>10% 43 (22.4)

* 1 case: chemotherapy only
TM: total mastectomy

BCS: breast conservation surgery
IDC: invasive ductal carcinoma
ILC: invasive lobular carcinoma

- 11 -



2. PCR-DHPLC-9714 € &4 2%

DHPLC #AAFHel o th7d 192¢] F 404(20.8%)° Al p53 2 =
exon 5°1 A exon 9 W$ wWolA Wol7}F Aoyttt (Figure 1.) exon 5
ol 7} 164](40.0%) 2 7} kil exon 7 Wo] 104](25.0%), exon &
WMol 74 (17.5%), exon 6 Wo] 44(10.0%), exon 9 Ho]7} 34 (7.5%)
of ol T FoEAWol7t 259 (625%) 2 WS A S
T} codon WE:= 175 codonollA el HeEAWolrt 7wt
th.(Figure 2.) pb3 Azt wWolof A Welsts] o F <lxpete] Bl
AqME 244 T3 9 Tu, dzE=2A 9 ZZA~HE 54§
Al, c-erb-B2, Ki-67 %9 A= FATA L
AxA st dAYPS FF ph3 FHA WOl
DHPLC AR olA kA9l 1240(9.9%)7F &4 2= yEsa DHPLC
AAPH A AL 439(60.6%)A4 FAd o2 Vel A EHH
A7E HBJth(Table 3.) DHPLCHOl <3 p53 EdWol&

<] 3t
HAZxA e GAH o3k Ho] YA E(37.0%) T il T Aot
A dAEE =4 Fdthkappa € * =, 0.32).(Table 4.)

- 12 -
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[ 7 F] a

b orbanes (v

4 5
Time (Minites)

B. C.

ACCQGOGTCCRCGOCATG ACCCGCGTCCGCATGNTNY
100 110 110 120
}

Figurel. DHPLC Chromatogram of exon 5 of pb3 mutation and sequence.
A. DHPLC chromatogram Al: mutation, A2: wild type, A3: wild type

B. Sequence of wild type C. nt 475 del 3bp (in frame deletion of Alal59)

5

Number of patients

138 159 179 215
136 154 173 176 209 220238

Number of Codons

FigureZ2. Codons and frequency of pb53 mutation.
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Table 3. Correlations between pb53 mutation and other -clinico-

pathologic prognostic factors

p53 mutation

n Negative Positive prvalue

Age <40 35 29 (82.9) 6 (17.1) 0952
=40 157 123 (78.3) 34 (21.7)

Op. modality ™ 145 116 (80.0) 29 (20.0) 0.799
BCS 46 36 (78.3) 10 (21.7)

Histologic type IDC 186 146 (78.5) 40 (21.5) 0202
ILC 6 6 (100.0) 0 (0.0)

Tumor size <2cm 73 62 (84.9) 11 (15.1) 0123
>2cm 119 90 (75.6) 29 (24.4)

N stage NO 99 81 (81.8) 18 (18.2) 0856
N1 58 45 (77.6) 13 (22.4)
N2 24 18 (75.0) 6 (25.0)
N3 9 7 (77.8) 2 (22.2)

Stage I 49 42 (85.7) 7 (14.3) 0460
i 105 81 (77.1) 24 (22.9)
I 37 29 (78.4) 8 (21.6)

HG I 55 49 (89.1) 6 (10.9) 0.006
i 86 66 (76.7) 20 (23.3)
il 29 17 (58.6) 12 (41.4)

NG 1 35 34 (97.1) 1 (29) 0.004
2 90 68 (75.6) 22 (24.4)
3 45 30 (66.7) 15 (33.3)

ER Negative 78 54 (69.2) 24 (30.8) 0.005
Positive 114 98 (86.0) 16 (14.0)

PR Negative 38 62 (70.5) 26 (29.5) o006
Positive 104 90 (86.5) 14 (13.5)

c-erb-B2 Negative 134 114 (85.1) 20 (14.9) 0002
Positive 58 38 (65.5) 20 (34.5)

Ki 67 <10% 149 124 (83.2) 25 (16.8) 2070
>10% 43 28 (65.1) 15 (34.9)

pb53 IHC negative 121 109 (90.1) 12 (9.9) <0007
positive 71 43 (60.6) 28 (39.4)

Numbers in cells: number of case (%)
n: total number of patients

p value: chi-square test

- 14 -



Table 4. Correlation between p53 mutation and p53 expression by

IHC stain

p53 mutation

Negative Positive Total
p53 by IHC Negative 109(90.1%) 12(9.9%) 121
Positive 43(60.6%) 28(39.4%) 71
Total 152 40 192

Kappa agreement score was 0.32, which showed fair agreement.

Y B 1887 Fol A AN ARE 12964%) 0% Hx AW
Ro e, F4 3, o 26, ¥ R WHS fF 2 L9 o]

. DHPLC #HAFR S pb3 Ak Wojtol A= 3% A gatrt
AL HA A JMHY] pb3 A ®loldol A= 5ol A
H A th(Table 5) & F #d= ddsA] &2 98-S ALt A
e gldlew O AEEY v e F O HAPH ESFolA ph3
ol A txa Atolol FASA R o= gtk (Figure 3,
Figure 4.)

Table 5. Recurrence pattern according to the p53 mutation and p53

expression
DHPLC IHC

p53 mutation Negative Positive Negative Positive Total
No. of recurred pts. 9 3 7 5 12
Chest wall 1 2 1 2
Bone 5 4 1
Lung 1 1 0 2
Brain 1 1
Contralateral breast 1 1

_15_
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40|

Cumulative Survival (%)

20—

I T L} T I T
Q 10 20 a0 40 50

Time after operation (months)
Figure3. A Disease free survival curve according to p53 mutation.

Kaplan-Meier plot for the disease free survival shows no significant
difference(P=0.641) between pb53 negative and positive patients.

Dotted line: pb53 negative patients, Solid line: p53 positive patients.

100~
1 hana

-
80~
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40|

Cumulative Survival (%)

20—

I T 1 T I I
0 10 20 20 40 50

Time after operation (months)
Figure4. A Disease free survival curve according to p53 IHC stain

method. Kaplan-Meier plot for the disease free survival shows
no significant difference(P=0.633) between p53 negative and
positive patients. Dotted line: p53 negative patients, Solid line:

pb3 positive patients.
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e |
% DHPLC ZHAFHolA p53 2k Wol7h gl | xz23tst oA
Hol A wEl ko] ® A= 456 2 oF A ¥ (wild type) p53 ThH o]

oh exon 5914 9 Abe]sk obyd 1 o] sle] RgjoA Wolst ol 7}
T gl

FHretol A ps3 FrAAFe] Wol= 11719 exons 118 codon¥ 309
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Abstract

Correlation between pb3 gene mutation and
clinicopathologic characteristics as a prognostic factor

in patients with breast cancer

Seung Ki Kim

Department of Medicine

The Graduate School, Yonser University

(Directed by Professor Hy-De Lee)

PURPOSES:

pb53 gene mutations play an important role in the development of
several cancers and are present in 20-40 2% of all breast cancers,
contributing to increased genomic instability. Recently, many
studies have shown that p53 gene mutation is associated with poor
prognosis in breast cancer and a majority of them have relied on
immunohistochemical (IHC) stain to assess pb3 alterations. The
aims of this study were to elucidate the clinical value of pb53 gene
mutation as a prognostic factor in breast cancer patients by

comparing with known clinicopathologic prognostic factors.

METHODS:

Mutations in exon 5 to 9 of pb3 were analyzed from 192 tissue
blocks of 188 primary invasive breast cancer patients in Yongdong
Severance Hospital from June 2003 to March 2006 by a newly
developed technique called polymerase chain reaction (PCR)-

denaturing high performance liquid chromatography(DHPLC)-
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sequence analysis. These results were compared with other clinical
and pathologic parameters currently in use for primary breast
cancer prognosis. Disease free survival rate was also examined to
investigate the clinical value of pb3 gene mutation as a prognostic

factor.

RESULTS:

Mutations in exon 5 to 9 of pb3 were detected by DHPLC in 40
cases(20.8%) among 188 patients, which rate was less than 37.0%
of immunohistochemical stain method. Codon 175 was a hot spot
codon comparing with codon 248, 273 for the other western
studies. Missense mutations were the most frequent ones (25
cases, 62.5%). There were statistically significant correlation
between pb53 gene mutation and histologic grade, nuclear grade,
estrogen & progesterone receptor, c—erbB-2 and Ki-67. Twelve
recurred cases(6.4%) were including 3 local and 9 systemic
recurrences. Neither p53 gene mutation by the DHPLC method nor
pb3 protein expression by the immunohistochemical stain method

showed statistical significance in the disease free survival rate.

CONCLUSIONS:

This study showed the 20.8% mutation rate of pb3 gene by
DHPLC method and the most frequent mutation site was codon
175. This method could be used as a prognostic indicator in the
management of breast cancer. But the impact of pb3 gene mutation
on overall survival and disease free survival rates should be

evaluated further with more patients accrual and long term follow

up.

Key Words: pb3 gene mutation, PCR-DHPLC-Sequencing analysis,

prognostic factor
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